Molecular evolution of cadherin-related neuronal receptor/protocadherin(alpha) (CNR/Pcdh(alpha)) gene cluster in Mus musculus subspecies.
The mouse cadherin-related neuronal receptor/protocadherin (CNR/Pcdh) gene clusters are located on chromosome 18. We sequenced single-nucleotide polymorphisms (SNPs) of the CNR/Pcdh(alpha)-coding region among 12 wild-derived and four laboratory strains; these included the four major subspecies groups of Mus musculus: domesticus, musculus, castaneus, and bactrianus. We detected 883 coding SNPs (cSNPs) in the CNR/Pcdh(alpha) variable exons and three in the constant exons. Among all the cSNPs, 586 synonymous (silent) and 297 nonsynonymous (amino acid exchanged) substitutions were found; therefore, the K(a)/K(s) ratio (nonsynonymous substitutions per synonymous substitution) was 0.51. The synonymous cSNPs were relatively concentrated in the first and fifth extracellular cadherin domain-encoding regions (ECs) of CNR/Pcdh(alpha). These regions have high nucleotide homology among the CNR/Pcdh(alpha) paralogs, suggesting that gene conversion events in synonymous and homologous regions of the CNR/Pcdh(alpha) cluster are related to the generation of cSNPs. A phylogenetic analysis revealed gene conversion events in the EC1 and EC5 regions. Assuming that the common sequences between rat and mouse are ancestral, the GC content of the third codon position has increased in the EC1 and EC5 regions, although biased substitutions from GC to AT were detected in all the codon positions. In addition, nonsynonymous substitutions were extremely high (11 of 13, K(a)/K(s) ratio 5.5) in the laboratory mouse strains. The artificial environment of laboratory mice may allow positive selection for nonsynonymous amino acid variations in CNR/Pcdh(alpha) during inbreeding. In this study, we analyzed the direction of cSNP generation, and concluded that subspecies-specific nucleotide substitutions and region-restricted gene conversion events may have contributed to the generation of genetic variations in the CNR/Pcdh genes within and between species.